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Human astrovirus is one of the important causes for viral gastroenteritis in young children. In previous study where we examined the molecular
epidemiology of human astrovirus (HAstV) infection in infants in Wuhan City, we isolated and identified a new subtype (WH1859) of HAstV
genotype 3 from an infant with diarrhea. The sequence analysis of this strain showed that the complete region of ORF2 of WH1859 contains 2385-
bp of nucleotides that encode 795 amino acids. Because WH1859 strain has the identity of less than 95% with the distance of more than 0.05 to the
reference strains of HAstV-3, WH1859 represents a distinct subtype within HAstV-3 strains. Further studies are needed to determine the role of
this new subtype strain of HAstV in viral gastroenteritis among young children.
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Human astrovirus (HAstV) plays an important role in viral
gastroenteritis among young children (Glass et al., 1996; Guix
et al., 2002; Herrmann et al., 1991; Ulloa et al., 2005). HAstV
was first described in 1975 (Madeley and Cosgrove, 1975) as a
small round virus with a characteristic five or six pointed star.
HAstV has a 6.8-kb polyadenylated genome that contains three
open reading frames (ORFs): ORF1a, ORF1b and ORF2.
ORF1a (2700 nt) and ORF1b (1560 nt) are linked by a trans-
lational ribosomal frame shifting and encode the viral protease
and polymerase, while ORF2 (2316–2391 nt) is characterized
by a high amino acid sequence identity among different
members of the HAstV family. ORF2, located at the 3′ terminal⁎ Corresponding author. Division of Allergy and Immunology, The Children's
Hospital of Philadelphia, University of Pennsylvania School of Medicine, 34th
Street and Civic Center Boulevard, Philadelphia, Pennsylvania 19104, USA.
E-mail address: ho@email.chop.edu (W.-Z. Ho).
0042-6822/$ - see front matter © 2008 Elsevier Inc. All rights reserved.
doi:10.1016/j.virol.2008.01.032of the viral genome, encodes the precursor for capsid protein that
can be expressed from a 2.4-kb subgenomic mRNA in cells
infected with astrovirus (Bhattacharya et al., 2006; Lewis et al.,
1994; Monroe et al., 1993, 1991; Willcocks and Carter, 1993).
The capsid protein precursor (86–90 kDa) is predicted to have
two domains: the first half of the precursor (amino acids 1 to
415) is highly conserved among all known members of Astro-
viridae, and the second half (amino acids 416 to the end) is
highly variable (Krishna, 2005).
The capsid protein precursors of several HAstV genotypes
have been genetically analyzed (Hachiya et al., 1999; Kakizawa
et al., 1997; Wang et al., 2001; Willcocks et al., 1995), demon-
strating that sequencing the entire region of ORF2 instead of a
short region (300 nt) (Lukashov and Goudsmit, 2002) is nec-
essary in order to identify the evolutionary relationship among
different strains of HAstV. Although the ORF2 sequences of
HAstV-5 and HAstV-4 of the China strains have been docu-
mented in the Genbank (Accession numbers: AB037273,
AB037274 and DQ344027), there is no information about
Fig. 1. Electrophoretic patterns of RT-PCR amplified products. A: RT-PCR
product amplified with the primers specific to the complete ORF2 sequence of
HAstV-3. B: The restriction endonuclease (EcoRI) analysis of the clone
WH1859 derived from RT-PCR amplified product. M: Molecular size marker.
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study (Liu et al., 2007), we determined the astrovirus prevalence
in infants in Wuhan, China, demonstrating that the overall
incidence was 9.87%, with type 1 as the most prevalent, and only
one strain was identified as genotype 3 of HAstV. In this study,
we analyzed and compared the sequence of the complete ORF2
region of this HAstV-3 strain isolated from an infant with
diarrhea in Wuhan, China with other known HAstV strains.
Results
As expected, a 2478-bp band (Fig. 1A) was observed in the
electrophoretogram of RT-PCR amplified product extracted
from the stool specimen, which is confirmed by the digestion of
the cloned plasmid by the restriction endonuclease (Fig. 1B).
Based on the score system in Blast program in the National
Center for Biotechnology Information, the WH1859 strain has
the highest score close to HAstV-3 strains. The analysis of theTable 1
The identity (%) of nucleotide (nt) and amino acid (aa) and the distance when WH1
Geno-
type
Accession
number
Strain nt
Length
used
WH1859 strain
ORF2 (2385-b
nt aa
1 Z25771 – 2361 70.7 75
L23513 Oxford 2364 71.0 75
2 L13745 Oxford 2391 69.1 71
3 AB000291 S3 2388 93.3 95
AB000292 O-13 2388 92.4 95
AB000293 O-14 2388 93.2 94
AB000294 O-28 2388 93.5 95
AB000295 O-35 2388 93.2 94
AF117209 – 2385 93.5 97
AF141381 Berlin 2385 92.6 96
AF257223 M352 1131 – –
AF395735 HUN-3 1134 – –
AF257227 M234 1131 – –
4 Z33883 Oxford UK 2316 61.7 61
5 U15136 Oxford 2352 67.8 69
AB037273 CHN146 2352 68.2 70
6 Z46658 hav6005 2337 69.4 71
7 Y08632 – 2376 77.1 84
8 AF260508 Yuc-8 2349 68.2 72phylogenetic relationship of WH1859 strain with other doc-
umented strains for the complete region of ORF2 showed that
while WH1859 strain has the distance of 0.224–0.359 to other
strains of HAstV (Fig. 3 and Table 1), its distance to the strains
of HAstV-3 is less than 0.075 (0.063 to 0.075).
Using theORF finder in theNational Center for Biotechnology
Information, the complete region ofWH1859ORF2was found to
be 2385 nt long, which encodes the capsid protein precursor with
795 amino acids. The nucleotide sequence analysis demonstrated
that WH1859 strain has a high degree of identity (ca. 92.4% to
93.5%) to the reference strains of HAstV-3, and a low degree of
identity (ca. 61.7–77.1%) to other genotypes of HAstV (Table 1).
In addition, the analysis of the deduced-amino acid sequence of
WH1859 showed that WH1859 strain has higher degree of
identity (ca. 94.7% to 97.3%) to HAstV-3 strains than other
genotypes HAstV (ca. 61.4–84.1%) (Table 1). WH1859 strain
also has two domains: conserved (1251 nt or 417 aa) and variable
(1134 nt or 378 aa) regions,which is in agreementwith the regions
of other HAstV-3 strains, but distinct from those of other
genotypes of HAstV. However, there is no significant difference
in the identity of nucleotide or amino acid between ORF2 and
ORF2-conserved regions or between ORF2 and ORF2-variable
regions whenWH1859 strainwas compared to other genotypes of
HAstV (Table 1). In addition, when we compared the ORF2
amino acid sequences of WH1859 with the documented
sequences of HAstV serotype 3, we did not observe any changes
to the known sites of HAstV-3 except the region of VR2 (Fig. 2).
When we compared the sequence of the entire region of
ORF2 of WH1859 with that of other reference strains of HAstV
by Blast, MegAlign, and MEGA4.0 programs, high identity
(nt 92.4% to 93.5% and aa 94.7% to 97.3%, respectively) was
found between WH1859 and the documented HAstV-3 strains,
while a low degree of identity (nt 61.7% to 77.1% and aa 61.4%
to 84.1%, respectively) was observed between WH1859 and859 strain compared to other reference strains in Genbank
(Accession number: DQ630763)
p) Conserved (1251-bp) Variable (1134-bp)
Distance nt Distance nt Distance
.3 0.274 77.1 0.227 64.1 0.331
.4 0.271 77.5 0.220 64.4 0.332
.7 0.290 76.7 0.227 61.1 0.364
.3 0.064 93.8 0.061 92.7 0.066
.0 0.075 92.4 0.076 92.3 0.072
.7 0.065 93.4 0.065 93.0 0.064
.4 0.063 93.9 0.061 93.0 0.064
.8 0.065 93.4 0.066 93.0 0.064
.3 0.063 94.0 0.060 93.0 0.066
.9 0.073 93.0 0.069 92.1 0.077
– – – 92.6 0.071
– – – 92.5 0.073
– – – 92.5 0.071
.4 0.359 74.1 0.253 48.3 0.486
.9 0.301 76.1 0.233 59.7 0.381
.5 0.297 76.3 0.231 60.2 0.373
.2 0.282 79.6 0.201 59.2 0.377
.1 0.224 79.6 0.202 74.6 0.246
.2 0.301 75.4 0.241 60.8 0.369
Fig. 2. Alignment of the fragment of the ORF2 sequence of WH1859 strain with known sequences of HAstV-3. Dashes indicate amino acid sequence identity and only
amino acid changes are marked; the dots denote deletion. The single-letter amino acid code is used. A and B show the sequences of conserved and variable regions,
respectively. The arrow indicate the positions that the arginine residues are cleaved to yield VP79, VP29 and VP26. Asterisks above the sequence indicate the amino acid
difference betweenWH1859 and other HAstV-3 strains. The amino acid sequences were underlined as two variable regions VR1 and VR2. NGS:N-Glykosylierungs-site
and GAS: Glykosaminolykam.
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Fig. 3. Phylogenetic tree of the complete ORF2 nucleotide of human astrovirus collected from Genbank by Blast program, using program MEGA4.0.
304 M.-Q. Liu et al. / Virology 375 (2008) 301–306other HAstV genotypes documented in the Genbank. These
observations were confirmed by phylogenetic analysis, showing
that WH1859 strain has the closest evolution distance to HAstV-
3 strains among the known HAstV genotypes (Fig. 3). We also
examined the nucleotide and distances for the conserved and
variable regions of WH1859. WH1859 strain has less than 95%
identity and N0.05 distance in these two different regions when
compared with other known strains of HAstV.
Discussion
Although HAstV-1 was considered the most frequent and
dominant type of infection in most parts of the world, including
Wuhan City, other genotypes of HAstV are also responsible for
the sporadic and even dominant epidemic gastroenteritis (Walter
et al., 2001). For example, there is an outbreak of gastroenteritis
associated with HAstV-3 in military recruits in 1997 (Belliot,
Laveran, and Monroe, 1997). HAstV-3 can cause severe
gastroenteritis, the viral titre in HAstV-3 containing fecal is
higher than that in any of the other serotype-containing samples
(Caballero et al., 2003). Therefore, it is important to identify the
role of other genotypes HAstV strains in viral gastroenteritis
among children. We recently reported the molecular epidemiol-
ogy of astrovirus infection in 335 infants with diarrhea inWuhan
City, China (Liu et al., 2007). In this early study, we were able to
identify a new subtype of HAstV-3 strain (WH1859) isolated
from an infant with diarrhea. Further sequence analysis of the
complete region of ORF2 of WH1859 strain showed that it
contains a 2385-bp of nucleotides that encode 795 amino acids.
Our data that the evolutionary relationship of the complete
region of ORF2 is different from that of the conserved regionsof ORF2 supports the findings by Lukashov and Goudsmit
(2002) who demonstrated that the evolutionary relationships
among HAstV serotypes based on full-length ORFs disagreed
in several principle points with the results from analyses of short
genetic regions (300 nt in length). Therefore, in order to confirm
new subtypes of HAstV, it is necessary to analyze the full region
of ORF2 amino acid sequences. In addition to analysis of the
ORF2 region, it is also necessary to perform the phylogenetic
tree analysis of the isolated viruses.
At present, there are no clearly defined criteria in the literatures
about the definition of the strains and subtypes of HAstV. Two
important studies (Jakab et al., 2003;Walter et al., 2001) suggested
that a variant to be considered as a new subtype should have the
identity that is less than 95% nucleotide homology to a reference
strain and N0.05 distance by phylogenetic analysis at the 3′ end of
ORF2 (363 nt and 1183 nt, respectively). BecauseWH1859 strain
has the identity of 93.5% with the distance of 0.063 to the
reference stains ofHAstV-3, we believe thatWH1859 represents a
new distinct subtype within HAstV-3 strains. However, further
studies are necessary in order to determine whether WH1859
isolate is antigenically distinct from other HAstV-3 strains.
ORF2 of the astrovirus encodes the structural proteins of the
virus, the conserved region of the envelope protein encodes the
assembly domain that is required to form the viral capsid and
encapsidate for viral RNA, whereas the variable region encodes
the receptor-interaction domain that binds to specific receptors on
the surface of the host cells (Krishna, 2005). When we compared
the amino acid sequences of WH1859 with other HAstV-3
strains, there are no significant changes on the known protein
sites, which could be the reason that WH1859 was the only
HAstV-3 strain identified from three hundred stool specimens in
305M.-Q. Liu et al. / Virology 375 (2008) 301–306our previous study (Liu et al., 2007) and not responsible for the
outbreak of HAstV infection among the children. Therefore,
further studies are needed in order to determine the role of this
newly identified strain in the epidemic of HAstVinfection among
young children in Wuhan.
Materials and methods
Specimen
A stool sample was collected from a 21-month boy with
watery diarrhea who visited the Children's Hospital of Wuhan in
September 2004, during an epidemiological survey of human
astrovirus infection from June 2004 toMay 2005, in which a total
of 335 fecal specimens were collected from the infants under the
age of 3 years. This stool sample was the only one initially
identified as HAstV-3 as determined by the specific RT-PCR and
sequence analysis of the 348-bp region ofORF2 (Liu et al., 2007).
RNA extraction and RT-PCR
RNAwas extracted from the stool supernatant using the TRI
reagent LS (Molecular Research Centers, MRC) according to the
manufacturer's protocol, and stored at −70 °C for RT-PCR
analysis. According to the Genbank sequences of HAstV-3
(Accession numbers: AF141381 and AF117209), we designed a
pair of primers towards the ORF2 of HAstV-3: AORF-R: 5′-
AAAGAAGTGCGATGGCTAGCAAG-3′; AORF-F: 5′-GC-
TTCTGATTAAATCAATTTTAAATGG-3′. The RT reaction
was performed with the primer 12Gr (5′-TTTTTTTTTTTTT-
TTTTTGC-3′), which has the sequence within the 3′ terminal of
the complete astrovirus genome (Sakamoto et al., 2000). Briefly,
extracted RNA (8 μl) was added to a 500 μl microcentrifuge tube
and heated at 97 °C for 5 min. After immediate cooling on ice for
at least 5 min, 2.5 μl of the reaction buffer, 5 μl of 25 mMMgCl2,
2 μl of 10 mM dNTP, 1 μl of 50 ng/ml random primer (Promega),
1 μl of 25 μM primer 12Gr, 1 μl of 10 U/μl AMV (Promega) and
0.5 μl of 40 U/μl ribonuclease inhibitor (Biostar) were added to
the tube. Distilled water was added to the mixture resulting in a
total volume of 25 μl. The mixture was incubated at 37 °C for 1 h.
The PCR was performed using the Expand High FidelityPlus
PCR System (Roche Diagnostics Corporation Indianapolis, IN,
USA) based on the system's protocol, which was conducted
with 5 μl cDNA, 10 μl 5⁎PCR buffer with Mg2+, 1 μl of 10 mM
dNTP mixture, 1 μl of primers AORF-R and AORF-F (25 μM
each), 4 U of Taq DNA polymerase, 3.5 μl of DMSO (dimethyl
sulphoxide) and distilled water to a total volume of 50 μl and
amplified as follows: 94 °C, 2 min; 45 cycles of PCR (94 °C,
30 s; 55 °C, 30 s; 70 °C, 3 min) and a final 15-min extension at
70 °C. RT-PCR products were analyzed by agarose gel
electrophoresis (1.5%) containing 0.5 μg/ml ethidium bromide
followed by visualization under ultraviolet light.
ORF2 cloning
The RT-PCR amplified DNA products were isolated through
electrophoresis and then purified using the Gel Extraction Kit(OMEGA). The purified DNA was ligated into pCR2.1®
(Invitrogen) and then transformed into competent Escherichia
coli (TaKaRa Biotechnology Dalian Co., Ltd). Restriction en-
zyme of EcoRI (Promega) was used to digest the plasmid DNA in
order to determine the presence and orientation of the constructed
plasmid DNA. The experimental procedures were performed
according to the manufacturer's instructions (Promega).
Sequence analysis and phylogenetic analysis
The plasmid DNAwas sequenced using an ABI Prism 3730
DNA automatic sequencer by Invitrogen (Shanghai, China)
with an M13 (−20) forward primer and an M13 reverse primer
(Invitrogen). The sequence data was submitted to the Genbank
database and has been given the Accession number DQ630763.
The several sequences were aligned using ClustalX1.83 (ftp://
ftp-igbmc.u-strasbg.fr/pub/clustalX/) with gap penalties opti-
mised using TuneClustalX (http://homepage.mac.com/barry-
ghall/TuneClustalX.html). Phylogenetic analysis and the
nucleotide p-distance were performed using MEGA4.0 (Tamura
et al., 2007) software (http://www.megasoftware.net/), and the
bootstrapped phylogenetic tree was constructed using Neigh-
bour-Joining (NJ) method (1000 replications), following the
nucleotide p-distance. The porcine astrovirus 1 strain (PAstV-1,
AB037272) was defined as an outgroup. MegAlign in the
DNAStar program was used to calculate the identity between
two strains of HAstV.
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